Background: Three different tyrosine kinase inhibitors have been approved as first-line therapies for epidermal growth factor receptor (EGFR) mutation-positive advanced nonsmall-cell lung cancer with similar overall survival. This study determined dynamic changes in quality of life (QoL) for patients using these therapies after controlling for potential confounders. Methods: From 2011 to 2016, we prospectively assessed the utility values and QoL scores of patients using the EuroQol five-dimension and World Health Organization Quality-of-Life -Brief questionnaires. QoL functions after initiation of treatment were estimated using a kernel-smoothing method. Dynamic changes in major determinants were repeatedly assessed for constructing mixed models. Results: A total of 344 patients were enrolled, with 934 repeated assessments. After controlling for performance status, disease progression, EGFR mutation subtype and other confounders, the mixed models showed significantly lower QoL scores for afatinib versus gefitinib in the physical, psychological and social domains, and 10 facets. The differences seemed to appear 10 months after initiation of treatment. In contrast, there was no significant difference between erlotinib and gefitinib in the scores of all domains and facets. Conclusion: QoL in patients receiving afatinib seemed to be lower than in those receiving gefitinib. Since the sample sizes in this study were relatively small, more studies are warranted to corroborate these results.
Introduction
Recognition of driver mutations has had a great influence on the management of lung cancer. One of the most important molecular alterations is the epidermal growth factor receptor (EGFR) mutation. In first-line therapy for advanced tumors with sensitizing EGFR mutations, tyrosine kinase inhibitors (TKIs) significantly prolong progression-free survival (PFS) as compared with platinum doublet chemotherapy. [1] [2] [3] More than half of non-small-cell lung cancer (NSCLC) patients tested for EGFR mutations in Taiwan have shown positive results. 4 Three EGFR-TKIs -gefitinib, erlotinib and afatinibhave been approved for first-line therapies for these patients. In a randomized trial conducted by Yang and colleagues, 5 erlotinib was found to be similar to gefitinib in terms of PFS and overall survival (OS). No significant difference in OS between afatinib and gefitinib was observed in Dynamic changes in quality of life after three first-line therapies for EGFR mutation-positive advanced non-small-cell lung cancer another study. 6 Although afatinib has been found to improve PFS in comparison to gefitinib, 7 it seems to be associated with more treatmentrelated grade 3 diarrhea, rash or acne, mucositis and paronychia. 7, 8 To move beyond tests of efficacy in randomized trials and determine the comparative effectiveness with real-world evidence, [9] [10] [11] a long-term follow-up study investigating the effects of these agents on quality of life (QoL) warrants further exploration. Patients with NSCLC have been shown to experience reduced QoL and emotional functioning. 12 To our knowledge, there has been only one study using the EuroQol five-dimension instrument (EQ-5D), a less sensitive questionnaire, to compare the QoL of different EGFR-TKIs. 7 The results did not show a significant difference between gefitinib and afatinib. Based on our clinical observation, we hypothesized that dynamic changes in QoL among patients receiving different first-line EGFR-TKIs may differ from each other. By assessing QoL prospectively, this study aimed to compare the effects of three first-line therapies on the QoL of patients with EGFR mutation-positive advanced NSCLC. Moreover, we controlled for potential cofounders by constructing mixed models.
Patients and methods
This study was approved by the Institutional Review Board of National Cheng Kung University Hospital (NCKUH) before commencement (B-ER-105-402), and all participants provided written informed consent.
From May 2011 to December 2016, all EGFR mutation-positive advanced NSCLC patients who visited the outpatient departments of NCKUH were invited to join the study. We verified the diagnosis of EGFR mutation-positive NSCLC with histopathology, cytology and molecular biology. The QIAamp TM DNA Mini Kit (Qiagen, Valencia, CA, USA) was used to analyze EGFR mutations of effusion cytology and tissue samples. The inclusion criterion was fully awake consciousness based on Glasgow Coma Scales. Patients with a malignancy at another site or tumor stages I, II and IIIA at the initiation of treatment were excluded, leaving only subjects with recurrent or newly diagnosed advanced NSCLC in the analysis. Each time participants visited the oncology clinics, they were invited to voluntarily complete the QoL questionnaires.
Most of their QoL was measured in the first few months, because many patients were hesitant to be repeatedly assessed too many times using the same questionnaires. The repeated assessments were taken at least 2 weeks apart to avoid high collinearity. In general, the oncologists examined these patients every 2-4 weeks when they received EGFR-TKIs. Thus, the process governing the repeated assessments resembled quasi-random sampling.
QoL questionnaires
The study subjects were invited to complete the EQ-5D and World Health Organization Qualityof-Life -Brief (WHOQOL-BREF) questionnaires using tablet computers. An experienced research assistant was available to help the subjects if any questions arose. The EQ-5D questionnaire is a generic, preference-based instrument that is used to estimate the utility values of QoL. 13 The five dimensions assessed by the EQ-5D include mobility, self-care, usual activities, pain/ discomfort and anxiety/depression, each of which has three levels of severity. Using the scoring function from Taiwan, 14 these health state parameters were transformed into a utility value ranging from 0 to 1, in which 0 represented death and 1 indicated full health.
The WHOQOL-BREF questionnaire is a generic psychometric instrument. 15 It is sensitive to the QoL of lung cancer patients 16 and has good psychometric properties. 17 According to the scoring rules provided by WHO, 18 each facet was scored from 1 to 5, where a higher score indicated a better QoL. By multiplying the average of the scores of all facets in the same domain by four, a domain score was also calculated. Each domain score ranged from 4 to 20. The score of an omitted facet was replaced with the average score of the other facets in the same domain. The domain score was not calculated when more than two facets were missing from the domain (the social domain only was calculated if ⩽1 facet was missing).
QoL function after therapy
Gefitinib, erlotinib and afatinib have been defined as the standard first-line therapies for EGFR mutation-positive advanced NSCLC. 19 Clinically, it takes 5-10 times the half-life 20 for an EGFR-TKI to be eliminated after discontinuing the medication. In addition, it takes several days of journals.sagepub.com/home/tam 3 incubation for any adverse events to occur. Consequently, we assumed QoL assessed within 15 days after the last treatment was related to EGFR-TKIs. To avoid confounding, subjects who received other anti-cancer treatments in combination with first-line EGFR-TKIs were excluded.
For each QoL assessment, the time after treatment was defined as the period between the date of initiation of treatment and the date of assessment. To estimate the QoL function in terms of time, Gaussian kernel-smoothing was applied. 21 Namely, for a particular time point t, the estimation of the mean QoL at this time point was the weighted average of QoL assessments, where the weights were determined by a parameter named bandwidth. The bandwidth was set at 0.1 in this study. A bootstrap approach was applied to construct the relevant confidence intervals for the mean function estimations of QoL. Rather than the assessment, the subject was the unit used for bootstrapping. At each time point, a 95% confidence interval was constructed using the 2.5 and 97.5 percentiles of 1000 mean QoL estimates from bootstrapping.
Dynamic changes of confounders
We recorded sex, education, employment, marital status and comorbidities at the initiation of treatment, whereas age was repeatedly calculated at each QoL assessment. The identified comorbidities include cerebrovascular disease, coronary artery disease, chronic obstructive pulmonary disease (COPD), diabetes mellitus and end-stage renal disease. We created a system that automatically abstracted the abovementioned characteristics. In addition, the Eastern Cooperative Oncology Group (ECOG) performance status and state of metastasis at the time of QoL assessment were evaluated from medical records and radiological reports, respectively. Disease progression at the time of QoL assessment was determined through radiographic evidence based on the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. 22 
Statistical analysis
For repeated assessments within individual subjects, the determinants of QoL were investigated using a linear mixed model. 
Results
From May 2011 to December 2016, a total of 344 patients receiving gefitinib, erlotinib and afatinib as first-line therapies for EGFR mutation-positive advanced NSCLC participated in the study, for whom 934 QoL assessments were performed. The frequency distribution of the number of QoL assessments per participant is summarized in Supplementary Table 1 . Table 1 shows the characteristics of nonparticipants and participants stratified according to treatment. Participants receiving afatinib showed higher proportions with higher levels of education, and harbored exon 19 deletions; those receiving erlotinib had a higher proportion of brain metastases than those in the gefitinib group. The PFS among the three first-line treatments did not differ from one another (see Supplementary  Figure 1 ). However, nonparticipants were older and had a higher proportion of comorbidities and poorer performance status compared with the participants. Their PFS was shorter than that of the participants. Figure 2) .
QoL scores in the nine facets after treatment with afatinib versus gefitinib are depicted in Figure 2 . Similar to the findings in Figure 1 , most facet scores for afatinib were lower than those for gefitinib about 10 months after treatment. The journals.sagepub.com/home/tam 7 differences in the 'pain', 'body appearance' and 'eating' facets seemed to appear immediately after the initiation of treatment. Score changes after treatment with erlotinib versus gefitinib are shown in Supplementary Figure 3 , where patients receiving erlotinib had QoL scores in the nine facets that were similar to those receiving gefitinib.
Determinants of QoL
Linear mixed models were constructed to explore the determinants of QoL ( Table 2) . As expected, a good performance status was the most important predictor for increases in utility value and QoL scores in all domains and most facets, whereas disease progression was a predictor of lower utility value and scores. Similar to our prior findings, 23 patients with exon 19 deletions had better utility values and QoL scores as compared with mutations other than exon 19 deletions. QoL scores for the psychological and environment domains were increased in male subjects and in those with education ⩾12 years, respectively; COPD and brain metastasis had a negative impact on scores in the physical domain. After controlling for age, sex, education, employment, marital status, comorbidities, performance status, recurrence, EGFR mutation subtype, brain metastasis and disease progression, we found that the QoL scores in the 3 domains and 10 facets related to afatinib were significantly lower than those for gefitinib, including scores for 'pain', 'body appearance' and 'eating.' However, the QoL scores for erlotinib and gefitinib did not differ.
We excluded participants with uncommon EGFR mutations (Supplementary Table 2) , and the effects of afatinib were almost the same as before (Supplementary Table 3 ). Supplementary Tables  4 and 5 show the subgroup analysis of participants with newly diagnosed lung cancer, where the effects became less significant, although a negative impact for afatinib was still observed.
Discussion
Similar to a previous report, 7 a lower utility value measured with the EQ-5D for patients receiving afatinib as compared with gefitinib was not detected. However, we did find significantly lower QoL scores in 3 domains and 10 facets of the WHOQOL-BREF on patients treated with afatinib versus gefitinib after controlling for potential confounders using mixed models ( Table 2 ).
The dynamic changes in QoL functions after initiation of afatinib also revealed lower utility values and scores approximately 10 months after treatment (Figures 1 and 2 ). While these findings do not necessarily indicate a causal association, we have the following arguments to hypothesize that such a relationship may exist: first, this study was conducted prospectively, was limited to subjects with EGFR mutations, QoL was assessed prior to the elimination of EGFR-TKIs, and patients influenced by other therapies were excluded. Our findings of lower QoL scores in the afatinib group thus cannot be explained by the preceding factors. Second, the mixed models showed statistically significant effects of the following predictors on QoL scores and corroborated previous reports: performance status, 24 disease progression, 25 exon 19 deletions, 23 sex, 24 education, 26 COPD 27 and metastasis. 25 These findings partially validate our statistical models. Third, participants receiving afatinib were generally younger in age, had higher educational levels, proportions of employment and exon 19 deletions, and had lower proportions of various comorbidities than those receiving gefitinib (Table 1) . They were expected to show better QoL scores for most items, but Figures 1 and 2 appear to indicate the opposite. When we reanalyzed the data limited to assessments performed 10 months after treatment (n = 59 and 275 for afatinib and gefitinib, respectively, in Figure 1 ), the trends were even more consistent. In other words, the poorer QoL scores cannot be explained by factors other than afatinib. Finally, with a slightly smaller sample size of patients receiving erlotinib than that receiving afatinib, we were unable to detect any facet or domain with statistically lower QoL scores in patients receiving erlotinib as compared with gefitinib. Since the frequencies and severities of adverse events of afatinib were reported to be higher than those for other EGFR-TKIs in previous studies, 28, 29 we tentatively concluded that our follow-up studies consistently showed afatinib to be associated with poorer QoL.
A larger proportion of participants receiving afatinib harbored uncommon EGFR mutations (Table 1) , which might have led to lower QoL scores in these patients and may thus have confounded the results. Nevertheless, after excluding participants with uncommon EGFR mutations (Supplementary Tables 2 and 3) , the association between afatinib and poorer QoL scores still exists. We further performed a subgroup analysis by excluding recurrent lung cancer to test the Table 2 .
Regression coefficients based on mixed model analyses of the EQ-5D and WHOQOL-BREF. Tables  4 and 5 ). Because of the reduction in sample size, some of the effects of afatinib on QoL scores became insignificant. However, the directions of the effects remained the same.
Why many QoL scores for afatinib were lower than those for gefitinib about 10 months after treatment remains unclear. Because afatinib is considered to be an irreversible tyrosine kinase blockade, its associated adverse events would tend to be more severe and persistent for a longer period of time than those associated with gefitinib. Figure 2 indicates that facet scores for pain, body appearance and eating appeared to be lower for patients receiving afatinib at the initiation of treatment, which were consistent with the more severe paronychia, folliculitis and mucositis related to afatinib in the first months. The lower QoL scores were followed by a persistent or aggravated trend after 10 months compared with gefitinib. Additional symptoms of insomnia accompanied with poor concentration, mobility and daily activities further affected negative psychological feelings. These findings appear to correspond well with clinical observations. Although many patients dropped out of the analysis after 10 months of treatment, 95% confidence intervals for QoL scores of afatinib still lie outside those for gefitinib. Namely, the effects still existed given a reduced amount of QoL assessments after this time point.
Several limitations must be acknowledged in this study: first, although the process governing the repeated QoL assessments resembled quasi-random sampling, each assessment was not taken at a predefined period. Nonetheless, because most patients were still taking pills at the time of the QoL assessments (919 of 934 assessments), the QoL differences among these three groups of patients should not be confounded by time after treatments. Future studies assessing QoL at predefined periods would be helpful to verify the exact time when QoL begins to deteriorate. Second, the EQ-5D and WHOQOL-BREF were applied to assess QoL, both of which are generic questionnaires and do not include lung cancerspecific items such as cough or dyspnea. Although a disease-specific instrument is capable of detecting more symptoms unique to lung cancer, our results showing worse QoL scores in 3 domains and 10 facets in participants receiving afatinib would not be biased. Instead, these tools provide an opportunity to detect common QoL impairments among lung cancer patients. Future studies exploring QoL changes by condition-specific instruments for different treatments are indicated to test the same hypothesis. Third, since this study was observational in nature, we were unable to control the dosage and frequency in each EGFR-TKI. Nonetheless, because the patients' QoL scores were measured by a self-report, and there was no prior knowledge in patients receiving different treatments, this concern would not threaten the validity of this study. Finally, a limited number of subjects were recruited in this single-center study, so one still must be cautious before generalizing the results to all patients receiving different first-line EGFR-TKIs.
In conclusion, patients receiving afatinib as a first-line therapy for EGFR mutation-positive advanced NSCLC showed worse QoL scores in most domains and many facets in comparison with patients taking gefitinib. QoL scores for erlotinib did not differ significantly from those for gefitinib. The findings appear to correspond with clinically observable persistent adverse events resulting from afatinib as an irreversible tyrosine kinase blockade. We recommend more studies be performed to corroborate our results and hypothesis. Clinicians caring such patients might consider incorporating this piece of information into shared decision-making.
